CLOCK SIGNAL GENERATOR FOR 
SOLID-STATE IMAGING APPARATUS 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to a solid-state imaging 
apparatus having a frame transfer or frame interline type 
solid-state imaging device. 

10 Fig. 1 is a block diagram showing an imaging apparatus 

that has a frame transfer type CCD 1 (solid-state imaging 
device) . Fig. 2 is a timing chart illustrating the 

1=3 operation of the imaging apparatus. 

JjS The CCD 1 includes a light receiving portion la, a 

'^[l storing portion lb, a horizontal transfer portion Ic, and an 

pij output portion Id. The light receiving portion la has a 

""'-^ plurality of shift registers arranged parallel to one 

ri another in the vertical direction. Each bit of the shift 

^ZO registers forms a light receiving pixel. Each light 

L.i receiving pixel stores an information charge generated in 

correspondence with a sensed object. The storing portion lb 
has a plurality of shift registers arranged continuously 
from the shift registers of the light receiving portion la. 
25 Further, the storing portion lb temporarily stores 

information charges that correspond to a single image output 
by the light receiving portion la. The number of bits in 
each shift register is determined in accordance with the 
number of bits in the shift registers of the light receiving 
30 portion la. The horizontal transfer portion Ic has a single 

shift register, each bit of which is connected to the output 
of an associated storing portion lb shift register. 
Further, the horizontal transfer portion Ic receives the 
information charges, which correspond to a single image. 
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line by line and sequentially transfers each line of 
information charges. The output portion Id has an 
electrically independent capacitor and an amplifier for 
extracting fluctuations in the potential of the capacitor. 
5 The capacitor receives the information charge from the 

horizontal transfer portion Ic in units of single pixels. 
The output portion Id converts the information charge into a 
voltage value and generates an image signal Y. 

10 A vertical drive circuit 2, which is operated in 

accordance with a vertical timing signal VD, generates a 
vertical transfer clock 0v from a reference clock MCK, which 

^=:3 has a predetermined cycle, and sends the vertical transfer 

clock ct)v to the light receiving portion la and the storing 

|q|5 portion lb. When the light receiving portion la receives 

the vertical transfer clock 0v, the information charges 

1/1 stored in the light receiving pixels are immediately 

13 transferred to the storing portion lb in units of single 

images. A horizontal drive circuit 3, which is operated in 

\M) accordance with a horizontal timing signal HD, generates a 

'^^^ storage transfer clock cps from the reference clock MCK. The 

'-3 horizontal drive circuit 3 simultaneously generates a 

horizontal transfer clock cph. The storage transfer clock cps 
is provided to the storing portion lb together with the 

25 vertical transfer clock ct)v. When the storing portion lb 

receives the storage transfer clock <^s, the information 
charges stored in the storing portion lb are transferred to 
the horizontal transfer portion Ic line by line. The 
horizontal transfer clock c|)h is provided to the horizontal 

30 transfer portion Ic. When the horizontal transfer portion 

Ic receives the horizontal transfer clock ct)h, the 
information charges transferred to the horizontal transfer 
portion Ic from the storing portion lb are sequentially. 
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serially transferred to the output portion Id. 

A timing control circuit 4 includes a horizontal 
counter and a vertical counter. The horizontal counter 
5 divides the reference clock MCK to generate the horizontal 

timing signal HD. The vertical counter divides this 
horizontal timing signal HD to generate the vertical timing 
signal VD. For example, in accordance with the NTSC 
standards, the timing control circuit 4 divides the 

10 reference clock MCK, the frequency of which is 14.32iyiHz, by 

910 to generate the horizontal timing signal HD and this 
horizontal timing signal HD by 252.5 to generate the 

13 vertical timing signal VD. The horizontal and vertical 

timing signals HD, VD respectively represent various timing 

ij5 signals related with horizontal scan periods and vertical 

'''.i scan periods. 

^ The CCD 1 repeats imaging operations in cycles 

;:3 corresponding to the vertical timing signal VD and outputs 

2D the image signal Y in units of single lines in cycles 

corresponding to the horizontal timing signal HD during each 
IZ vertical scan period. 

The exposure time of the CCD 1, or the time period 
25 during which an information charge is stored in each light 

receiving pixel, coincides with the vertical scan cycle when 
an electronic shutter is not operated. Further, the 
exposure time may normally be varied by discharging the 
information charges during the vertical scan period, that 
30 is, by operating an electronic shutter. If the imaging 

apparatus does not have television system restrictions, the 
frequency of the reference clock MCK may be changed to vary 
the exposure time. 
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If the sensed object has a low luminance or if the' CCD 
1 has a low light receiving sensitivity, the frequency of 
the reference clock MCK is decreased to lengthen the 
vertical scan cycle in order to obtain sufficient exposure 
5 time. However, when the frequency of the reference clock 

MCK is decreased, the frequency of the vertical transfer 
clock c|)v, which is generated from the reference clock MCK, 
also decreases- This increases the time required for frame 
transfer from the light receiving portion la to the storing 
10 portion lb and increases smear. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
'35 solid-state imaging apparatus that minimizes the mixing of 

smear components during frame transfer even when the 
riJ exposure time of the imaging device is increased. 



To achieve the above object, the present invention 
:2o provides a solid-state imaging apparatus comprising a solid 

state imaging device including a light receiving portion 
having a plurality of light receiving pixels, a storing 
portion arranged adjacent to the light receiving portion, 
and a horizontal transfer portion arranged adjacent to the 
25 storing portion. A timing control circuit divides a first 

clock having a predetermined cycle to generate a vertical 
scan timing signal and a horizontal scan timing signal. A 
vertical drive circuit is connected to the timing control 
circuit for generating a vertical transfer clock from a 
30 second clock, the cycle of which is shorter than the first 

clock, in accordance with the vertical scan timing signal. 
The vertical transfer clock is used to transfer information 
charges accumulated in the light receiving pixels of the 
light receiving portion to the storing portion. A 
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horizontal drive circuit is connected to the timing control 
circuit for generating a horizontal transfer clock from the 
first clock in accordance with the horizontal scan timing 
signal. The horizontal transfer clock is used to output the 
5 information charges transferred from the storing portion to 

the horizontal transfer portion. 

A further aspect of the present invention provides a 
method for driving a solid-state imaging device including a 
10 light receiving portion having a plurality of light 

receiving pixels, a storing portion arranged adjacent to the 
light receiving portion, and a horizontal transfer portion 
fj arranged adjacent to the storing portion. The method 

includes the steps of dividing a reference clock with a 
=3S predetermined dividing ratio to generate a divisional clock 

"'2 having a cycle longer than the cycle of the reference clock, 

\\i generating a vertical scan timing signal and a horizontal 

^ scan timing signal from the divisional clock, generating a 

vertical transfer clock from the reference clock in 
So accordance with the vertical scan timing signal, providing 

hs= the vertical transfer clock to the light receiving portion 

and the storing portion in order to transfer information 
charges accumulated in the light receiving pixels of the 
light receiving portion to the storing portion, generating a 
25 horizontal transfer clock from the divisional clock in 

accordance with the horizontal scan timing signal, and 
providing the horizontal transfer clock to the horizontal 
transfer . portion in order to output the information charges 
transferred from the storing portion to the horizontal 
30 transfer portion. 

Other aspects and advantages of the present invention 
will become apparent from the following description, taken 
in conjunction with the accompanying drawings, illustrating 
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by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



5 The invention, together with objects and advantages 

thereof, may best be understood by reference to the 
following description of the presently preferred embodiments 
together with the accompanying drawings in which: 

Fig. 1 is a schematic block diagram showing a prior art 

10 solid-state imaging apparatus; 

Fig. 2 is a timing chart showing the operation of the 

solid-state imaging apparatus of Fig. 1; 
Q Fig. 3 is a schematic block diagram showing a solid- 

state imaging apparatus according to the present invention; 
ilS and 

Fig. 4 is a timing chart showing the operation of the 
nj solid-state imaging apparatus of Fig. 3. 

Q DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

11 A solid-state imaging apparatus according to the 
present invention will now be described with reference to 
Figs . 3 and 4 . 

25 Referring to Fig. 3, a CCD 11 (solid-state imaging 

device) includes a light receiving portion 11a, a storing 
portion lib, a horizontal transfer portion 11c, and an 
output portion lid. The information charges stored in the 
light receiving portion 11a are transferred to the output 

30 portion lid via the storing portion lib and the horizontal 

transfer portion 11c. The output portion lid generates an 
image signal Y based on the information charges. 

A vertical drive circuit 12, which is operated in 
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accordance with a vertical timing signal VD, generates a 
vertical transfer clock (pv from a reference clock MCK, which 
has a predetermined cycle, and sends the vertical transfer 
clock (t)v to the light receiving portion 11a and the storing 
portion lib. When the light receiving portion 11a receives 
the vertical transfer clock cpv, the information charges 
stored in light receiving pixels are immediately transferred 
to the storing portion lib in units of single images. 

A horizontal drive circuit 13, which is operated in 
accordance with a horizontal timing signal HD, generates a 
storage transfer clock cf)s from a divisional clock DCK, which 
is generated by a frequency dividing circuit 15. The 
horizontal drive circuit 13 simultaneously generates a 
horizontal transfer clock (ph. The storage transfer clock <ps 
is provided to the storing portion lib. The information 
charges stored in the storing portion lib are transferred to 
the horizontal transfer portion 11c line by line in 
accordance with the storage transfer clock 0s. The 
information charges transferred to the horizontal transfer 
portion 11c from the storing portion lib are sequentially, 
serially transferred to the output portion lid in accordance 
with the horizontal transfer clock <ph. 

A timing control circuit 14 includes a horizontal 
counter and a vertical counter. The horizontal counter 
divides the divisional clock DCK to generate the horizontal 
timing signal HD. The vertical counter divides the 
horizontal timing signal HD to generate the vertical timing 
signal VD. The vertical and horizontal timing signals VD, 
HD are provided to the vertical and horizontal drive 
circuits 12,13, respectively. 



The dividing circuit 15 divides the reference clock 




signal MCK with a predetermined dividing ratio to generate 
the divisional clock DCK. For example, if the dividing 
circuit 15 divides the frequency of the reference clock MCK 
into two, the cycles of the vertical timing signal VD and 
5 the horizontal timing signal HD generated by the timing 

control circuit 14 become two times longer. In this case, 
the frame transfer cycle in the CCD 11 becomes two times 
longer, and the storing period of the information charges 
increases by two times. In this state, the vertical drive 

10 circuit 12 generates the vertical transfer clock (pv by 
synthesizing the reference clock MCK that does not pass 
through the dividing circuit 15. Accordingly, the time 
required for frame transfer remains short even if the cycle 
of the vertical timing signal VD becomes long. This 

i% prevents smear components from increasing. 

'iJ In addition to setting the information charge storing 

time of the CCD 11 in accordance with the cycle of the 

11 vertical timing signal VD, the information charge storing 
W time may be set by operating an electronic shutter to 
=="^ temporarily discharge the information charge during the 

vertical scan period. The dividing ratio of the dividing 
circuit 15 may be variable so that an appropriate value can 
be selected to change the information charge storing time of 
25 the CCD 11. The variable dividing ratio of the dividing 

circuit 15 may be used in combination with an electronic 
shutter to adjust the information charge storing time when 
necessary . 

30 In the preferred embodiment, the dividing circuit 15 

provides the dividing clock DCK to the timing control 
circuit 14 in order to lengthen the vertical scan period. 
In this state, the cycle of the reference clock MCK received 
by the vertical drive circuit 12 is shorter than the cycle 
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of the divisional clock DCK. Thus, the frequency of the 
vertical transfer clock (pv is not decreased, and a smear 
increase that would be caused by a longer frame transfer 
time is prevented. 

Instead of the frame transfer type CCD 11, the present 
invention may be applied to a frame interline transfer type 
CCD in which a vertical transfer portion is arranged between 
each row of light receiving pixels in the storing portion. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive, 
and the invention is not to be limited to the details given 
herein, but may be modified within the scope and equivalence 
of the appended claims. 



